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ABSTRACT 

The use  of t h e  Apollo Command Module q u a r t z  window 
(CM5) fo r  l u n a r  s u r f a c e  photography i s  re-examined. The 
f a c t o r s  which determine the f l u x  of u l t r a v i o l e t  l i g h t  reaching  
t h e  a s t r o n a u t  through t h e  unshaded window a r e  d iscussed .  

I t  i s  concluded t h a t  a t o t a l  d a i l y  exposure of a t  
l eas t  58 minutes i s  s a f e .  
nea r  the te rmina tor  and where the field-of-view i s  n o t  c o m -  
p l e t e l y  f i l l e d  by t h e  s u n l i t  s u r f a c e .  I f  a d a i l y  dose l a r g e r  
than sunburn th re sho ld  i s  permi t ted  a t  the a s t r o n a u t ' s  discre- 
t i o n ,  a f u r t h e r  i n c r e a s e  is a v a i l a b l e .  The a s t r o n a u t ' s  eyes ,  
however, should always be  covered whenever it i s  p o s s i b l e  f o r  
any u l t r a v i o l e t  l i g h t  t o  e n t e r  t h e  cabin.  

Extended exposures can b e  allowed 

A second Lexan window shade, w i t h  a hole  i n  t h e  
c e n t e r  s u i t a b l y  f i t t e d  t o  t h e  camera l e n s ,  i s  sugges ted  as 
a means t o  o b t a i n  unl imi ted  u s e  of t h e  window. 
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MEMORANDUM FOR FILE 

A t  t h e  r e q u e s t  of F. E l - B a z ,  a review w a s  conducted 
of t h e  p o t e n t i a l  u l t r a v i o l e t  burn hazard t o  a n  a s t r o n a u t  du r ing  
photographic a c t i v i t y  a t  t h e  command module q u a r t z  window (CM5). 
This  memorandum p r e s e n t s  estimates of  t h e  l e n g t h  of t i m e  a v a i l -  
able for  luna r  s u r f a c e  photography through t h e  uncovered window 
and a sugges t ion  on t h e  type  of window s h i e l d  which would 'permi t  

I unl imi ted  use  of  t h e  window. 

I n  a le t ter  t o  D r .  K a r l  G. Henize (see at tachment)  
t h e  au thor  presented  exposure t i m e s  i n  which a n o t i c e a b l e  
u l t r a v i o l e t  burn could be acquired from t h e  sun (d i rec t  r a y s ) ,  
and the ear th  and moon ( r e f l e c t e d  r a y s ) ,  under c e r t a i n  assumed 
cond i t ions .  These t i m e s  were used t o  l i m i t  t h e  use of  t h e  
q u a r t z  window dur ing  Apollo 15. 

The use of t h e  window has been d i scussed  wi th  several 
people ,  and based on t h e  a c t u a l  cond i t ions ,  it now appears  t h a t  
a s i g n i f i c a n t  i n c r e a s e  i n  exposure a t  t h e  window would be safe. 
For l u n a r  s u r f a c e  photography, t h e  new va lue  is  about 58 minutes,  
or  4.5 t i m e s  t h e  previous estimate. T h e  f a c t o r s  a l lowing  t h i s  
i n c r e a s e  come about as follows: 

A l l o w a b l e  Dose 

a )  Skinburn - T o  acqui re  a b a r e l y  n o t i c e a b l e  sunburn, 
t h e  average person must r ece ive  an u l t r a v i o l e t  dose of  roughly 
2.5 x 1 0  e r g s  cm-2.  T h i s  corresponds t o  what one would re- 
ceive dur ing  a 20  minute w a l k  a t  lunchtime on a clear summer 
day. A s eve re  burn,  r e s u l t i n g  i n  b l i s t e r i n g ,  would be caused 
by a dose roughly 1 0  t i m e s  g r e a t e r  than the  above t h r e s h o l d  
v a l u e  and would be s i m i l a r  t o  t h e  e f f e c t s  of spending 3 or  4 
hours  on t h e  beach. These f i g u r e s  vary ,  and some i n d i v i d u a l s  
are q u i t e  a b i t  m o r e  (o r  less) s e n s i t i v e  t o  sunburn than  t h e  
average.  I n  t h e  l e t t e r  c i t e d ,  t h e  average th re sho ld  va lue  of 

2 .5  x 1 0  e r g s  was used as the b a s i s  f o r  computing exposure 
t i m e s .  

5 

5 
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Since most people  r e g u l a r l y  experience mild sun- 
bu rn  and develop a t a n  which reduces t h e  s e n s i t i v i t y  of t h e i r  
s k i n  t o  subsequent exposures,  it would s e e m  t o  be s a f e  t o  
permit  the  a s t r o n a u t  t o  rece ive  a d a i l y  dose perhaps three 
t i m e s  g r e a t e r  than t h e  nominal t h re sho ld ,  increased  t o ,  poss ib ly ,  
f i v e  t i m e s  th reshold  a t  t h e  end of t h e  f l i g h t .  I t  is  assumed 
t h a t  t he  a s t ronau t  would be permit ted t o  use h i s  own judgment 
t o  reduce t h e  d a i l y  dose i f  any no t i ceab le  e f f e c t s  w e r e  t o  
develop. 

Graded exposure w i t h  a commercial sunlamp would be 
a simple means of c a l i b r a t i n g  an ind iv idua l  a s t r o n a u t  before  
f l i g h t ,  t o  e s t a b l i s h  these f a c t o r s  t o  t h e  necessary accuracy. 

b)  Eyeburn The  threshold dose s u f f i c i e n t  t o  produce a 4  
n o t i c e a b l e  burn on the membrane of t h e  eye i s  roughly 4 x 1 0  

-2 e r g s  c m  . The effects of such a burn a r e  so d i s t r e s s i n g ,  
however, t h a t  no procedure should be permit ted which might a l low 
t h e  a s t r o n a u t ' s  eyes t o  rece ive  even a small  f r a c t i o n  of t h i s  
dose.  I t  is  recommended t h a t  p r o t e c t i v e  wrap-around goggles be 
worn whenever it i s  p o s s i b l e  f o r  u l t r a v i o l e t  l i g h t  t o  e n t e r  
t h e  cabin.  I f  t h i s  i s  n o t  p r a c t i c a l ,  then  t h e  t o t a l  exposure 
accumulated over t h e  f l i g h t  must be kept  w e l l  below t h e  nominal 
t h re sho ld  dose, s i n c e  it is unreasonable t o  tes t  t h e  a s t r o n a u t s  
t o  determine their ind iv idua l  s e n s i t i v i t y .  

2) Subtended Angle of Reception 

a) During f l i g h t ,  t h e  a s t r o n a u t ' s  hands and f a c e  do n o t  
o r d i n a r i l y  approach the window, and are t h e r e f o r e  n o t  exposed t o  
a subtended angle  of t h e  f u l l  hemisphere f ie ld-of-view of t h e  
l u n a r  ( o r  t e r r e s t i a l )  su r f ace  which  had been previous ly  assumed. 
Provided t h a t  s k i n  s u r f a c e s  remain more than ~ 1 2 "  away from t h e  
i n n e r  side of t h e  q u a r t z  window, a f a c t o r  of about  3 i nc rease  
would be al lowable f o r  a l l  exposures t o  u l t r a v i o l e t  l i g h t  re- 
f l e c t e d  f r o m  t h e  moon (or e a r t h ) .  

b) I n  add i t ion ,  when a s i z e a b l e  f r a c t i o n ,  f ,  of t h e  f i e l d -  
of-view i s  n o t  l i g h t e d  ( i . e . ,  when t h e  f ie ld-of-view inc ludes  
a r e a s  on t h e  dark side of the te rmina tor  o r  t h e  darklsky above 
t h e  l i m b )  an exposure inc rease  of a f a c t o r  of (1-f)  can a l s o  
be allowed f o r  t h a t  photographic sequence. 

of-view evenly,  a f a c t o r  of 2 i nc rease  i s  al lowable on t h i s  
account .  Together w i t h  t h e  above f a c t o r  of  3 ,  a t o t a l  i n -  
crease of a f a c t o r  of 6 i n  exposure t i m e ,  over t he  previous 
e s t i m a t e ,  would be allowable f o r  exposure t o  u l t r a v i o l e t  re- 
f l e c t e d  f r o m  t h e  e a r t h  o r  moon. 

For example, when t h e  te rmina tor  d iv ides  the f i e l d -  
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3 )  Window Transmittance 

I n  t h e  previous  c a l c u l a t i o n ,  it w a s  assumed t h a t  90% 
of a l l  i n d i d e n t  u l t r a v i o l e t  l i g h t  w a s  t r a n s m i t t e d  by t h e  q u a r t z  
window. T h e  a c t u a l  window t r ansmi t s  roughly 70% of  t h e  
l i g h t  i n c i d e n t  perpendicular  t o  i t s  s u r f a c e .  Oblique r a y s  
must t r a v e l  a longer  d i s t a n c e  through t h e  q u a r t z  panes and 
w i l l  a lso be r e f l e c t e d  more s t r o n g l y  a t  t h e  s u r f a c e s .  They 
t h e r e f o r e  would be a t t enua ted  somewhat more. T h e  combined 
e f f e c t  of these cons ide ra t ions  is  t h a t  an  i n c r e a s e  of a 
factor of  1 . 5  over  my previous estimates i s  a l lowable  f o r  a l l  
exposure t i m e s .  

4 )  Lunar R e f l e c t i v i t y  

I n  t h e  previous c a l c u l a t i o n ,  it w a s  assumed t h a t  t h e  
u l t r a v i o l e t  r e f l e c t i v i t y  of t h e  l u n a r  s u r f a c e  w a s  3 % .  Although 
r e c e n t  measurements i n d i c a t e  t h a t  t he  r e f l e c t i v i t y  decreases 
t o  21% across t h e  UV wavelength range of concern,  sk inburn  
s e n s i t i v i t y  and s o l a r  i n t e n s i t y  are g r e a t e s t  near  3000A, where 
t h e  r e f l e c t i v i t y  i s  probably n o t  much less than  3% ( R e f .  1). 
I t h e r e f o r e  do n o t  b e l i e v e  an i n c r e a s e  i n  exposure of a s i g n i -  
f i c a n t  f a c t o r  i s  a l lowable  on t h i s  account ,  a l though a s l i g h t  
i n c r e a s e  ( ~ 2 5 % )  may a c t u a l l y  be s a f e .  

5) Ultraviolet  I n t e n s i t y  

The u l t r a v i o l e t  b r igh tness  of t h e  moon's ( o r  e a r t h ' s )  
s u r f a c e  depends on t h e  angles between t h e  sun,  t h e  normal t o  
s u r f a c e  i n  t h e  field-of-view, and t h e  s p a c e c r a f t .  The b r i g h t n e s s  
seen  f r o m  t h e  window i s  g r e a t e s t  when looking d i r e c t l y  down on 
t h e  s u b s o l a r  p o i n t  and it can be much dimmer (by a factor  of 
6-10) when looking down on l i g h t e d  areas nea r  t h e  t e rmina to r .  
The geometry of t h i s  e f f e c t  is i d e n t i c a l  f o r  v i s i b l e  and u l t r a -  
v i o l e t  l i g h t .  The photometric func t ion ,  @, which re la tes  t h e  
s u r f a c e  b r i g h t n e s s ,  B,  t o  t h e  subso la r  s u r f a c e  b r i g h t n e s s ,  Bo, 
i s  de f ined  by t h e  equat ion  

@ = B/Bo. 

I t  is  c u r r e n t l y  used t o  determine t h e  proper  exposures fo r  
v i s i b l e  l i g h t  photography of t h e  l u n a r  su r face .  The v a r i a t i o n  
o f  @ w i t h  o r b i t a l  p o s i t i o n  of t h e  CSM i s  s i m i l a r  i n  v i s i b l e  and 
u l t r a v i o l e t  wavelengths (Ref. 1). I t  i s  programmed i n t o  t h e  
camera s e t t i n g s  i n  t h e  f l i g h t  p l a n  and should t h e r e f o r e  be 
a v a i l a b l e  f o r  each p o i n t  i n  the o r b i t  where t h e  q u a r t z  window 
would be used. I f  t h e s e  values  are introduced,  an i n c r e a s e  
i n  u l t r a v i o l e t  exposure,  over t h e  previous estimates, o f  a f a c t o r  
of @-' i s  a l lowable  f o r  each photographic  sequence. 
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Taking a l l  of these f a c t o r s  i n t o  cons ide ra t ion ,  t h e  
a l lowable  d a i l y  t i m e  l i m i t  f o r  a s t r o n a u t  exposure t o  the un- 
covered q u a r t z  window, f o r  lunar  s u r f a c e  photography, is  
given by: 

x (3to5)  x 3 x 1.5 Atnew = 
Y- 

- x (3to5) x 4.5 = ti C i W f i )  
one day Atnew - o r  

I n  t h e  a t t ached  l e t t e r  t o  D r .  Henize, 13  minutes w a s  
t h e  es t imated  t i m e  r equ i r ed  t o  r e c e i v e  a sk inburn  threshold dose 
from t h e  moon under t h e  cond i t ions  assumed. T h e  au thor  now 
fee l s  t h a t :  

a)  A d a i l y  exposure a t  l eas t  4.5 t imes longer  than t h i s ,  
o r  a minimum of 58 minutes, is  d e f i n i t e l y  a l lowable .  

b) A t  t h e  a s t r o n a u t s '  d i s c r e t i o n ,  another  f a c t o r  of 3 t o  
5 is  a l so  probably permiss ib le .  

c) I f  va lues  fo r  t h e  photometric func t ion  and t h e  u n l i t  
f r a c t i o n  of t h e  field-of-view are included,  l onge r  
exposure i n t e r v a l s  a r e  a l lowable,  e s p e c i a l l y  for near- 
t e rmina to r  photography. 

d)  These va lues  should n o t  be considered gospel ,  and any 
a d d i t i o n a l  information a v a i l a b l e  t o  persons fami l ia r  
w i th  t h e  i n f l i g h t  use of t h e  window should be taken 
i n t o  cons ide ra t ion  i n  t h e i r  a p p l i c a t i o n .  

It should be pointed o u t  t h a t  du r ing  t h e  t r a n s - e a r t h  
p o r t i o n  of t h e  f l i g h t ,  t h e  sun i s  q u i t e  close t o  t h e  e a r t h  i n  
t h e  f ie ld-of-view,  and direct solar r ays  can e n t e r  t h e  q u a r t z  
window. I n  t h i s  case, t h e  previous t i m e  estimate f o r  s k i n  burn 
t h r e s h o l d  i s  25 sec. and the  i n c r e a s e s  d i scussed  under i t e m s  2 ) ,  
4 )  and 5) are n o t  a p p l i c a b l e .  

I n  te lephone d i scuss ions  w i t h  M r .  Paul Ledoux of MSC 
it became apparent  t h a t  no t r a n s p a r e n t  m a t e r i a l ,  t h i n  enough 
t o  be f l e x i b l e ,  would be use fu l  as a p r o t e c t i v e  ''bag" over t h e  
window and camera. I t  would, however, be p o s s i b l e  t o  c u t  a 
hole ,  s ay ,  4 "  t o  6" i n  diameter ,  i n  a second Lexan window shade. 
I f  a foam v i t o n  tube  (or  "doughnut") o f  s imilar  diameter  w e r e  
a t t a c h e d  t o  the  per iphery  of  t h i s  hole so t h a t  t h e  l e n s  barrel  
of t h e  camera could be i n s e r t e d  snugly i n t o  t h e  tube ,  y e t  s t i l l  be 
p o i n t e d  i n  any d i r e c t i o n  o u t  t h e  window, t h e r e  would be no t i m e  



- 5 -  

l i m i t  on t h e  use of t h e  window. A p lug  could  block t h e  tube  
when it is n o t  i n  use.  Storage space f o r  a second Lexan shade 
is  a v a i l a b l e  i n  t h e  CM. I n  case t h i s  sugges t ion ,  o r  something 
s i m i l a r ,  may be  prac t ica l ,  t h e  names o f  i n d i v i d u a l s  who may be 
a b l e  t o  exped i t e  t h e  modi f ica t ion  are presented  below: 

Personnel  a s s o c i a t e d  w i t h  the  u s e  of t h e  CSM Q u a r t z  Window 

V. D. Brand, MSC/CB 
Aaron Cohen, MSC/PA 
J e r r y  Cragi ,  MSC/PD9 
D r .  Roger C.  F i t c h ,  MSC/ 
Neurophysiology Laboratory 

S. N a t  Hardee, Jr., MSC/TM2 
P a u l  Ledoux, MSC/PD9, GE 

Ken Mat t ing ly ,  MSC/CB 

D r .  Tobias O w e n s ,  S t a t e  Univers i ty  

Hank H a r t s f i e l d ,  MSC/CB 
E lv in  P i p p e r t ,  MSC/CG5 
S t u a r t  A. Roosa, MSC/CB 
Donald Segna, MSC/PD./PD 
P. D. Smith, MSC/ES12 
Chuck W i l l i s ,  North-American 

o f  New York 

Rockwell, Downey, C a l i f o r n i a  
A. M. Worden, MSC/CB 

1032-NPP-a]] 

8- (713) -483-2311 
8- (713) -483-2126 
8- (713) -483-3441 
8- (713) -483-4731 

8- (713) -483-2666 
8- (713) -483-3855 
8- (713) -483-2421 
9- (516) -246-6705 

8- (713)-483,2221 
8- (713) -483-4271 
8- (713) -483-2411 
8- (713) -483-2457 
8- (713) -483-2627 
9- (213) -922-6943 

N .  P.  P a t t e r s o n  
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WASHINGTON. D. C. 20024 
s 

TELEPHONE 
(202) 464-7500 

October 2 ,  1970 

D r .  K a r l  G. Henize  
Nat ional  Aeronaut ics  and Space Adminis t ra t ion 
Manned Spacecraf t  Center  
Houston, Texas 77058 

Code: CB 

Dear D r .  Henize: 

Enclosed a r e  my c a l c u l a t i o n s  of t h e  u l t r a v i o l e t  
exposures t h a t  may b e  received through the  qua r t z  window 
f o r  the  UV Photography experiment,  S-177. Severa l  people  
d i r e c t l y  involved w e r e  he lp fu l  i n  providing d e t a i l s  about  
t h e  experiment and I am inc luding  t h e i r  names f o r  your 
irif ormation. 

The r e s u l t s  of my i nqu i ry  lead  m e  t o  b e l i e v e  tha t  
there i s  cause f o r  concern about i n j u r y  t o  t h e  eyes dur ing  
t h e  mission from exposure d i r e c t l y  through t h e  uncovered 
window but n o t  from accumulation through t h e  Lexan p r o t e c t i v e  
shade. 

The Lexan shade w i l l  b e  1/8" t h i c k  and i s  t o  remain 

I t  w i l l  provide adequate  pro tec-  
over  t h e  window except  during t h e  5-10 minutes r equ i r ed  by 
each photographic  sequence. 
t i o n  whi le  i n  place.  

The permiss ib le  eye exposure t i m e s  are very s h o r t  
behind t h e  uncovered window. 
s t r o n g  source.  During photographic opera t ions  I would 
recommend wearing p r o t e c t i v e  eye covering and minimizing t h e  
a r e a  t h a t  i s  uncovered f o r  the  camera l e n s .  

The moon i s  a s u r p r i s i n g l y  

If t h e r e  are any ques t ions  r e l a t i n g  t o  t h e s e  comments 
I would be g lad  t o  provide s p e c i f i c  d e t a i l s .  
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APPENDIX 

From the f l u x  of i n c i d e n t  u l t r a v i o l e t  r ad ia t ion ,  
F A ,  t he  t r a n s m i s s i o n  of the w i n d o w ,  T A ,  a n d  t h e  re la t ive  
ac t ion  spectrum fo r  burns,  S A ,  t h e  equivalent  dose ra te  i s  
given by : 

A2 

A 1  
Dose R a t e  ( equ iva len t )  = C FXTASAAh 

Where a t h r e s h o l d  of e x p o s u r e ,  Eo ,  i s  requi red  t o  produce 
symptoms of i n j u r y  caused by t h e  r a d i a t i o n ,  t h e  t i m e  r e q u i r e d  
t o  reach t h i s  t h r e s h o l d  i s  given by: 

A t  = Eo f Dose R a t e  

T a b l e  I contains t h e  values of t h e  f l u x  f r o m  t h e  
sun ,  earth and moon, t h e  re la t ive  a c t i v i t y  of t h e  var ious 
w a v e l e n g t h s  and t h e  transmission of q u a r t z  between 2000fi 
and 3 1 5 0 8 , t h e  range effective i n  producing s k i n  burn 
(erythema) and eye burn ( p h o t o k e r a t i t i s )  . 

TABLE I 

2000-2400 (mean) 3 3 ~ 1 0 - ~  
2400 6 1. 
2450 6 1. 
2500 6 1. II 

2550 1 0  1 . 2  
2600 13 1 .5  
2650 20 1 . 8  
2700 25  2 . 1  
2750 22 3 . 0  
2800 24 4 .5  I t  

2850 34  7 .5  
2900 52  1 2 .  
2950 63  1 9 .  
3000  6 1  3 0 .  I' 

3050  67 63 .  
3100  76  1 9 0 .  'I 

3150  82  300  'I 

I1 

Ma PK: T; 
1x10'1 1 . 0  .19 40-90% 8 %  
2 .96  .33 90% 56% 
2 . 9 1  
2 .87  .20 
3 It 80 
4 . 6 3  .37 
6 .40  
8 . 1 2  1 . 0  
7 .07 
7 . 0 6  .67  

1 0  .13 
1 5  'I .30 . 57  
1 9  It .97  
18 'I .70 .37  70% 
20 .30  
23  'I .10 .20 
2 5  .05 

I1 

I1 

I1 

I 1  

11 

11 

II 

I I  

I 1  

I1 

I1 

II 

11 

I 1  
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Flux received from earth(2) where it subtends 
2 r[ steradian field of view of windows in 
ergs cm-2sec-lA-1. 

Flux received from sunlight reflected off the 
moon where it subtends >TI steradian field of 
view of window. Constant 3% surface reflectance 
assumed. 

Relative Action Spectrum of ultraviolet for 
producing skin burn (erythema) (1). Peak at 
29678 .  

Relative Action Spectrum of ultraviolet for 
producing eye burns in primates (photokeratitis) (3). 
Peak at 27001. 

Transmission (l) of lcm thickness of various types 
of quartz (Suprasil, Infrasil, Ultrasil, Crystal, 
Vycor) . 
Expected transmission of flight window, provided 
by S. N. Hardee, Jr. ( 3  panes, 3/4"  thick each, 
Corning Type 11). 

threshold for skin burn (erythema) is roughly 
250,000 ergs cme2 of 29678 (or equivalent) (1). The threshold 
for eye burn (photokeratitis) is about 40,000 ergs cm'' of 
2 7 0 0 a  (or equivalent) ( 3 ) .  

rates (erg cm-2sec-1) through a 90% transparent quartz window 
are : 

From table I it is found that the equivalent dose 

SUN EARTH MOON 

Skin 1 . 0 ~ 1 0 ~  58 312 
EY e ~ 1 x 1 0 4  60 3 2 2  

The corresponding intervals required to reach threshold 
are: 

SUN EARTH MOON 

25 sec 72 min 13 min 
4 sec 11 min 2 min 

Skin 
Eye 
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These t i m e s  would be somewhat longer  through t h e  
a c t u a l  f l i g h t  window. For a Lexan window shade wi th  10-6 
t r ansmi t t ance ,  t h e  exposure t i m e  t o  s u n l i g h t  could be in-  
creased t o  about 46 days before  t h e  threshold  dose f o r  photo- 
k e r a t i t i s  could be accumulated. 

I n  t h e  case of exposure t o  a series of sub-threshold 
doses, t h e  s k i n  develops g r e a t e r  t o l e r a n c e  a g a i n s t  buring.  The 
eye does n o t  and may accumulate doses  over  a per iod  of days 
with no symptoms u n t i l  t h re sho ld  i s  exceeded. 

Some Personnel  Associated wi th  S-177 

P . I .  D r .  Tobias Owens, S t a t e  Un ive r s i ty  of New York, 

S.  N a t  Hardee, Jr. MSC/TM2, 8-713-483-2666 ( r m  362 near  

D r .  Roger C.  F i t c h ,  MSC/Neurophysiology Lab, 483-4731. 
Gary Coul tas ,  MSC/PG, 483-2658. 
Randolph Carha r t ,  General E lec t r i c  C o . ,  (413) 443-5338. 
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